On the linear stability of polytropic fluid spheres in $R^2$ gravity by Dzhunushaliev, Vladimir & Folomeev, Vladimir
ar
X
iv
:2
00
7.
10
57
9v
1 
 [g
r-q
c] 
 21
 Ju
l 2
02
0
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Within R2 gravity, we study the linear stability of strongly gravitating spherically symmetric
configurations supported by a polytropic fluid. All calculations are carried out in the Jordan frame.
It is demonstrated that, as in general relativity, the transition from stable to unstable systems occurs
at the maximum of the curve mass-central density of the fluid.
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I. INTRODUCTION
Einstein’s general relativity (GR) is a generally recognized theory of gravitation that is successfully applied on
different spatial and time scales. In particular, it is used to model processes which took place in the early Universe.
It is, however, obvious that to describe the very early stages of the evolution of the Universe, it is already needed
to take into account quantum effects. To do this, it is necessary to have a full theory of quantum gravity, which is
absent at present. For this reason, starting from 1960’s, it was being suggested to use some effective description of
quantum effects in strong gravitational fields by a change of the classical Einstein gravitational Lagrangian ∼ R by
various modified Lagrangians containing different curvature invariants. In the simplest case this can be some function
f(R) of the scalar curvature R. Such modified gravity theories (MGTs) have been widely applied to model various
cosmological aspects of the early and present Universe (for a general review on the subject, see, e.g., Refs. [1, 2]).
On the other hand, in considering processes and objects on relatively small scales comparable to sizes of galaxies
and even of stars, the effects of modification of gravity can also play a significant role. For example, within f(R)
gravity, there have been constructed models of relativistic stars [3, 4], wormholes [5, 6], and neutron stars [7–12]. It
was shown that the modification of gravity can affect, in particular, a number of important physical characteristics of
neutron stars which may be verified observationally. One of the problems of interest is determining the mass-radius
(or the mass-central density of matter) relations, which have been obtained, for example, in Refs. [13–20]. It was
shown there that, as in GR, in MGT, for some central density of neutron matter, the mass-central density curves
possess maxima whose location depends on the physical properties of the specific matter. In GR, the presence of such
a maximum indicates the fact that there is a transition from stable systems (located to the left of the maximum) to
unstable configurations (located to the right of the maximum). This fact is established by studying the behavior of
matter and metric perturbations using the variational approach [21].
In MGTs, different types of perturbations have been repeatedly studied as well (see, e.g., Refs. [22, 23] and references
therein). In considering these problems, a transition from f(R) gravity to a scalar-tensor theory is usually performed.
Correspondingly, studies of the perturbations are carried out not in the Jordan frame but in the Einstein frame.
However, the question of the physical equivalence between these two frames is still under discussion, and it cannot be
regarded as completely solved [24–27]. Here, the following potential difficulties may be noted: (i) In performing the
transition from f(R) gravity to a scalar-tensor theory, there may, in general, occur some undesirable consequences
(singularities, fixed points, etc.); as a result, the equivalence between the frames can be violated. (ii) Objects that
are stars in one frame may represent some other configurations in another. (iii) In constructing perturbation theory,
the equivalence between the frames can be lost in view of the approximate nature of such a theory.
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2In this connection, it may be of some interest to study the stability directly in the Jordan frame, and this is the
goal of the present paper. For the sake of simplicity, we will work within R2 gravity, where linear radial perturbations
of a strongly gravitating system supported by a polytropic fluid will be investigated. For this purpose, in Sec. II,
we first derive the general equations for f(R) gravity. Using these equations, in Sec. III, we numerically find static
solutions describing equilibrium configurations, on the background of which the behavior of matter and spacetime
perturbations is studied in Sec. IV.
II. GENERAL EQUATIONS
We consider modified gravity with the action [the metric signature is (+,−,−,−)]
S = − c
3
16piG
∫
d4x
√−gf(R) + Sm, (1)
where G is the Newtonian gravitational constant, f(R) is an arbitrary nonlinear function of R, and Sm denotes the
action of matter.
For our purposes, we represent the function f(R) in the form
f(R) = R + αh(R), (2)
where h(R) is a new arbitrary function of R and α is an arbitrary constant. When α = 0, one recovers Einstein’s
general relativity. The corresponding field equations can be derived by varying action (1) with respect to the metric,
yielding
(1 + αhR)G
k
i −
1
2
α (h−RhR) δki + α
(
δki g
mn − δmi gkn
)
(hR);m;n =
8piG
c4
T ki . (3)
Here Gki ≡ Rki − 12δki R is the Einstein tensor, hR ≡ dh/dR, and the semicolon denotes the covariant derivative.
To obtain the modified Einstein equations and the equation for the fluid, we choose the spherically symmetric
metric in the form
ds2 = eν(dx0)2 − eλdr2 − r2 (dΘ2 + sin2Θ dφ2) , (4)
where ν and λ are in general functions of r, x0, and x0 = c t is the time coordinate.
As a matter source in the field equations, we take an isotropic fluid with the energy-momentum tensor
T ki = (ε+ p)u
kui − δki p, (5)
where ε is the fluid energy density and p is the pressure.
The trace of Eq. (3) yields the equation for the scalar curvature
−R+ α
[
hRR− 2h+ 3 (hR);i;i
]
=
8piG
c4
T, (6)
where T is the trace of the energy-momentum tensor (5).
Using Eqs. (4) and (5), the (tt), (
r
r), (
θ
θ), and (
r
t ) components of Eq. (3) can be written as
(1 + αhR)
[
−e−λ
(
1
r2
− λ
′
r
)
+
1
r2
]
− α
2
{
h− hRR+ e−λ
[
2h′′R −
(
λ′ − 4
r
)
h′R
]
− e−ν h˙Rλ˙
}
=
8piG
c4
ε, (7)
(1 + αhR)
[
−e−λ
(
1
r2
+
ν′
r
)
+
1
r2
]
− α
2
[
h− hRR− e−ν
(
2h¨R − h˙Rν˙
)
+ e−λ
(
ν′ +
4
r
)
h′R
]
= −8piG
c4
p, (8)
(1 + αhR)
{
e−λ
2
[
1
r
(λ′ − ν′) + 1
2
λ′ν′ − 1
2
ν′2 − ν′′
]
+
e−ν
2
(
λ¨+
1
2
λ˙2 − 1
2
λ˙ν˙
)}
−α
2
{
h− hRR+ e−λ
[
2h′′R −
(
λ′ − ν′ − 2
r
)
h′R
]
− e−ν
[
2h¨R +
(
λ˙− ν˙
)
h˙R
]}
= −8piG
c4
p, (9)
− (1 + αhR) e
−λ
r
λ˙− αe−λ
[
1
2
(
λ˙h′R + ν
′h˙R
)
− h˙′R
]
=
8piG
c4
(ε+ p)u0u
1, (10)
3where the dot and prime denote differentiation with respect to x0 and r, respectively. In turn, Eq. (6) yields
−R+ α
{
−2h+ hRR+ 3
2
[
e−ν
{
2h¨R +
(
λ˙− ν˙
)
h˙R
}
− e−λ
{
2h′′R −
(
λ′ − ν′ − 4
r
)
h′R
}]}
=
8piG
c4
(ε− 3p) . (11)
Finally, the i = r component of the law of conservation of energy and momentum, T ki;k = 0, gives
∂T 01
∂x0
+
∂T 11
∂r
+
1
2
(
ν˙ + λ˙
)
T 01 +
1
2
(
T 11 − T 00
)
ν′ +
2
r
[
T 11 −
1
2
(
T 22 + T
3
3
)]
= 0. (12)
III. EQUILIBRIUM CONFIGURATIONS
A. Static equations
General equations derived in the previous section can be employed to construct static solutions describing equilib-
rium configurations. For this purpose, it is sufficient to set that all functions entering these equations depend on the
radial coordinate r only. Also, bearing in mind the necessity of a physical interpretation of the results, it is convenient
to introduce a new function M(r), defined as
e−λ = 1− 2GM(r)
c2r
. (13)
Then Eq. (7) can be recast in the form[
1 + α
(
hR +
1
2
rh′R
)]
dM
dr
=
4pi
c2
r2ε+ α
c2
2G
r2
[
1
2
(h− hRR) + h′R
(
2
r
− 3GM
c2r2
)
+ h′′R
(
1− 2GM
c2r
)]
. (14)
In GR (when α = 0), the function M(r) plays the role of the current mass inside a sphere of radius r. Then outside
the fluid (i.e., when ε = 0), M = const. is the total gravitational mass of the object. A different situation occurs in
the MGT (when α 6= 0): outside the fluid the scalar curvature is now nonzero (one can say that the star is surrounded
by a gravitational sphere [17]). This sphere gives an additional contribution to the total mass measured by a distant
observer. Depending on the sign of α, the metric function λ [and correspondingly the scalar curvature R and the mass
function M(r)] either decays asymptotically or demonstrates an oscillating behavior. In the latter case M(r) cannot
already be regarded as the mass function. Consistent with this, here we use only such α’s that ensure a nonoscillating
behavior of M(r); this enables us to interpret M(r →∞) as the total mass.
In turn, the conservation law given by Eq. (12) yields the equation
dp
dr
= −1
2
(ε+ p)
dν
dr
. (15)
For a complete description of the configuration under consideration, the above equations must be supplemented
by an equation of state (EoS) for the fluid. Here, for the sake of simplicity, we consider a barotropic EoS where the
pressure is a function of the mass density ρb. For our purpose, we restrict ourselves to a simplified variant of the EoS,
where a more or less realistic matter EoS is approximated in the form of the following polytropic EoS:
p = Kρ
1+1/n
b , ε = ρbc
2 + np, (16)
with the constant K = kc2(n
(ch)
b mb)
1−γ , the polytropic index n = 1/(γ − 1), and ρb = nbmb denotes the rest-mass
density of the fluid. Here nb is the baryon number density, n
(ch)
b is a characteristic value of nb, mb is the baryon mass,
and k and γ are parameters whose values depend on the properties of the matter.
Next, introducing the new variable θ,
ρb = ρbcθ
n,
where ρbc is the central density of the fluid, we may rewrite the pressure and the energy density, given by Eq. (16),
in the form
p = Kρ
1+1/n
bc θ
n+1, ε =
(
ρbcc
2 + nKρ
1+1/n
bc θ
)
θn.
4Making use of these expressions, from Eq. (15), we obtain for the internal region with θ 6= 0,
2σ(n+ 1)
dθ
dr
= − [1 + σ(n+ 1)θ] dν
dr
, (17)
where σ = Kρ
1/n
bc /c
2 = pc/(ρbcc
2) is a relativity parameter, related to the central pressure pc of the fluid. This
equation may be integrated to give the metric function eν in terms of θ,
eν = eνc
[
1 + σ(n+ 1)
1 + σ(n+ 1)θ
]2
,
and eνc is the value of eν at the center where θ = 1. The integration constant νc is fixed by the requirement of the
asymptotical flatness of the spacetime, i.e., eν = 1 at infinity.
B. Numerical results
Thus we have four unknown functions – R, θ, ν, and M – for which there are four equations, (9), (11), (14), and
(17) whose solution will depend on the choice of the particular type of gravity theory, i.e., of the function h.
In the present paper, we consider the simplest case of quadratic gravity when h = R2, which is often discussed
in the literature as a viable alternative cosmological model describing the accelerated expansion of the early and
present Universe [1, 2]. For such gravity theory, the value of the free parameter α appearing in (2) is constrained from
observations as follows: (i) in the weak-field limit, it is constrained by binary pulsar data as |α| . 5 × 1015cm2 [28];
(ii) in the strong gravity regime, the constraint is |α| . 1010cm2 [8]. Consistent with this, for the calculations presented
below, we take α = −1010cm2 (notice that we take an opposite sign for α as compared with that used in Ref. [17]
since here we employ another metric signature). If one takes another sign of α, it can result in the appearance of
ghost modes and instabilities in the cosmological context [29]; also, in this case the scalar curvature R demonstrates
an oscillating behavior outside the star, which appears to be unacceptable if one intends to construct realistic models
of compact configurations (for a detailed discussion, see Ref. [17]).
For numerical calculations, it is convenient to rewrite the equations in terms of the dimensionless variables
x = r/L, v(x) =
M(r)
4piρbcL3
, Σ = RL2, α¯ = α/L2, where L =
c√
8piGρbc
. (18)
As a result, we get the static equations
v′ =
x2
1 + α¯ (2Σ + xΣ′)
{
(1 + σnθ) θn +
α¯
2
[
−Σ2 + 2Σ
′
x
(
4− 3 v
x
)
+ 4Σ′′
(
1− v
x
)]}
, (19)
−
(
1− v
x
)(
ν′′ +
ν′2
2
)
+
v′
x2
+
(
v′ +
v
x
− 2
) ν′
2x
− v
x3
+ 2σθn+1
+α¯
{
Σ2 + 2Σ′
[
− 2
x
+
v
x2
+
v′
x
− ν′
(
1− v
x
)]
− 4
(
1− v
x
)
Σ′′ +
vΣ
x
[
2ν′′ + ν′2 +
ν′
x
− 2
x2
]
+Σ
[
v′
(
ν′
x
+
2
x2
)
− 2ν
′
x
− 2ν′′ − ν′2
]}
= 0, (20)
2σ(n+ 1)θ′ = − [1 + σ (n+ 1) θ] ν′, (21)
Σ + [1 + σ(n− 3)θ] θn + α¯
{
6
(
1− v
x
)
Σ′′ + 3
Σ′
x
[
− v
x
(3 + xν′) + 4− v′ + xν′
]}
= 0, (22)
which follow from Eqs. (14), (9), (17), and (11), respectively. When α¯ = 0, one recovers the general-relativity
equations.
It is also convenient to recast the mass and radius of the configuration in terms of the parameters K,n, and σ [30].
By eliminating ρbc from the expressions for x and v in Eq. (18), we obtain
r = r∗σ−n/2x, M(r) =M∗σ−n/2v(x), α = α∗σ−nα¯,
where r∗ = (8piG)−1/2Kn/2c1−n,M∗ = (1/4)(2pi)−1/2G−3/2Kn/2c3−n, and α∗ = (8piG)−1Knc2(1−n). The quantities
r∗ and M∗ define the scales of the radius and mass.
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FIG. 1: The dimensionless total mass versus the relativity parameter σ. The numbers near the curves denote the values of the
square of the lowest eigenfrequency ω¯2 corresponding to the configuration at a given point of the curve. The segments of the
curves corresponding to stable configurations are shown as solid lines, whereas the unstable segments are shown dashed.
Equations (19)-(22) are to be solved subject to the boundary conditions given in the neighborhood of the center by
the expansions
θ ≈ 1 + 1
2
θ2x
2, ν ≈ νc + 1
2
ν2x
2, v ≈ 1
3
v3x
3, Σ ≈ Σc + 1
2
Σ2x
2, (23)
where the expansion coefficients θ2, ν2, v3, and Σ2 are determined from Eqs. (19)-(22). The central value of the scalar
curvature Σc is an eigenparameter of the problem, and it is chosen so that asymptotically Σ(x→∞)→ 0.
The integration of Eqs. (19)-(22) is performed numerically from the center (i.e., from x ≈ 0) to the point x = xb,
where the fluid density goes to zero. We take this point to be a boundary of the star. In turn, for x > xb the matter
is absent, i.e., ρb = p = 0. In GR, this corresponds to the fact that the scalar curvature Σ = 0. But in the MGT
this is not the case: there is an external gravitational sphere around the star where Σ 6= 0. Consistent with this, the
internal solutions should be matched with the external ones at the edge of the fluid. This is done by equating the
corresponding values of both the scalar curvature and the metric functions.
For negative α’s employed here, the scalar curvature is damped exponentially fast outside the fluid as Σ ∼
exp
(
−x/
√
6|α¯|
)
/x. This enables us to introduce a well-defined notion for the Arnowitt-Desser-Misner mass through
Eq. (13), unlike the case of positive α’s for which Σ demonstrates an oscillating behavior [17].
The results of numerical calculations are shown in Fig. 1 where the dependence of the total mass on the relativity
parameter σ (or the central density ρbc) is plotted. It is seen that both in GR and in the MGT the curves have
a maximum. In GR, such a maximum corresponds to the transition from stable to unstable systems, and this is
confirmed by the linear stability analysis [30]. In the next section, we will study this problem for the case of R2
gravity under consideration.
IV. LINEAR STABILITY ANALYSIS
Consider that the equilibrium systems described above are perturbed in such a way that spherical symmetry is
maintained. In obtaining the equations for the perturbations, we will neglect all quantities which are of the second
and higher order. The components of the four-velocity in the metric (4) are given by [21]
u0 = e−ν0/2, u0 = e
ν0/2, u1 = e−ν0/2v , u1 = −eλ0−ν0/2v ,
with the three-velocity v = dr/dx0 ≪ 1. The index 0 in the metric functions indicates the static, zeroth order solution
of the gravitational equations.
Now we consider perturbations of the static solutions of the form
y = y0 + yp , (24)
6where the index 0 refers to the static solutions, the index p indicates the perturbation, and y denotes one of the
functions λ, ν, ε, p or the scalar curvature R. We will use the variational approach of Ref. [21] when one introduces a
“Lagrangian displacement” ζ with respect to x0, v = ∂ζ/∂x0. Then, substituting the expansions (24) in Eqs. (7)-(12)
and seeking solutions in a harmonic form
yp(x
0, r) = y˜p(r)e
iωx0
[for convenience, we hereafter drop the tilde sign on y˜p(r)], one can obtain the following set of equations for the
perturbations θp,Σp, and λp:
σ(n+ 1)s1θ
n
0 θ
′
p +
1
2
θn0
{
σ(n+ 1)xθn0 e
λ0 [1 + σ(n+ 1)θ0] + s1
[
σ(n+ 1)2ν′0 +
n
θ0
(
2σ(n+ 1)θ′0 + ν
′
0
)]}
θp
+
λp
2x
e−ν0
{
8α¯2ω¯2Σ20 + 2ω¯
2 (1 + α¯xΣ′0)
2
+ 2α¯Σ0
[
4ω¯2 (1 + α¯xΣ′0) + e
ν0θn0 (1 + xν
′
0) s2
]
+eν0θn0 [1 + xν
′
0 + α¯xΣ
′
0 (4 + xν
′
0)] s2
}
− α¯
2
e−ν0
[
8α¯ω¯2Σ0 + 4ω¯
2 (1 + α¯xΣ′0) + e
ν0θn0 (4 + xν
′
0) s2
]
Σ′p
+
α¯
2x
e−ν0
{
2ω¯2xs1ν
′
o + 2s2e
ν0θn0
[
eλ0
(
1− ω¯2x2e−ν0 + 1
2
x2Σ0
)
− xν′0 − 1
]}
Σp = 0, (25)
α¯s1Σ
′′
p −
α¯
2x
{x (1 + α¯xΣ′0)λ′0 − xν′0 + 2α¯Σ0 [x (λ′0 − ν′0)− 4]− 4}Σ′p −
α¯
2
Σ′0s1λ
′
p
+
e−ν0
6x
{
xeλ0
(
eν0 + 6α¯ω¯2
)
+ α¯xeλ0Σ0
[
2
(
eν0 + 6α¯ω¯2
)
+ 3α¯xeν0Σ′0
]
+ α¯eν0Σ′0
[−6α¯ (1 + xν′0) + eλ0 (x2 + 6α¯)]}Σp
+
eλ0
6
θn−10
{
n (1 + α¯xΣ′0) + 2α¯
[
n+ σ
(
n2 − 2n− 3) θ0]Σ0 + σ(n+ 1)θ0 [n− 3 + α¯nxΣ′0]} θp
+
α¯
2x
{
α¯x2Σ′20 λ
′
0 − 2x (1 + 2α¯Σ0)Σ′′0 +Σ′0
[
(xλ′0 − 3) (1 + 2α¯Σ0)− 2α¯x2Σ′′0
]}
λp = 0, (26)
α¯Σ′′p +
α¯
x
(
2− 1
2
xλ′0
)
Σ′p − α¯
(
1
2
eλ0Σ0 +
xλ′0 + e
λ0 − 1
x2
)
Σp − s1
2x
λ′p
+
1
2x2
[
(xλ′0 − 1) (1 + 2α¯Σ0) + α¯xΣ′0 (xλ′0 − 4)− 2α¯x2Σ′′0
]
λp +
n
2
eλ0θn−10 s2θp = 0, (27)
where s1 = 1+α (2Σ0 + xΣ
′
0) , s2 = 1+σ(n+1)θ0, and the dimensionless frequency ω¯ = Lω. Here Eq. (25) follows from
the conservation law (12), Eq. (26) – from the equation for the scalar curvature (11), Eq. (27) is the (tt) component (7).
In deriving Eq. (25), we have used the expression (here ψ = ζ/L is the dimensionless Lagrangian displacement)
λp = − x
1 + α¯ (2Σ0 + xΣ′0)
{
eλ0θn0 [1 + σ(n+ 1)θ0]ψ + α¯
(
Σpν
′
0 − 2Σ′p
)}
[which follows from the (rt ) component (10)], expressing from it ψ and eliminating it from (25).
For this set of equations, we choose the following boundary conditions near the center x = 0:
θp ≈ θpc + 1
2
θp2x
2, Σp ≈ Σpc + 1
2
Σp2x
2, λp ≈ 1
2
λp2x
2, (28)
where the expansion coefficients θpc and Σpc are arbitrary and θp2, λp2, and Σp2 can be found from Eqs. (25)-(27).
The set of equations (25)-(27) together with the boundary conditions (28) defines an eigenvalue problem for ω¯2.
The question of stability is therefore reduced to a study of the possible values of ω¯2. If any of the values of ω¯2 are
found to be negative, then the perturbations will increase and the configurations in question will be unstable against
radial oscillations.
The choice of eigenvalues of ω¯2 is carried out such that we have asymptotically decaying solutions for the pertur-
bations Σp and λp. In doing so, it is necessary to ensure the following properties of the solutions: (i) The function
θp must be finite (though not necessarily zero) at the boundary of the star. This is sufficient to ensure that the
perturbation of the fluid pressure pp ∼ θn0 θp meets the condition pp = 0 at the edge of the star where θ0 = 0 [see, e.g.,
Eq. (60) in Ref. [21]]. (ii) The function λp must be nodeless; this corresponds to a zero mode of the solution (on this
point, see, e.g., Ref. [31]).
7FIG. 2: The typical behavior of the perturbations within GR (solid curves) and R2 gravity (dashed curves). The graphs are
plotted for the case of σ ≈ 0.151 (GR) and of σ = 0.17 (R2 gravity) that correspond to the maxima of the mass curves (cf.
Fig. 1). The thin vertical lines denote the boundaries of the fluid x = xb.
In this connection, it is useful to write out the asymptotic behavior of the solutions.
(A) Static solutions:
v → v∞ − CΣ0
√
2|α¯|
3
x exp
(
−x/
√
6|α¯|
)
, Σ0 → −CΣ0 exp
(
−x/
√
6|α¯|
)/
x, eν0 → 1− v∞/x.
(B) Perturbations:
Σp → CΣp exp
(
−
√
1 + 6|α¯|ω¯2
6|α¯| x
)/
x, λp → v∞/x.
Here v∞ is an asymptotic value of the mass function v, CΣ0 > 0 and CΣp are integration constants.
TABLE I: The computed values of the square of the lowest eigenfrequency ω¯2 and of the eigenparameter θpc for the configurations
within R2 gravity. For all the cases Σpc = −10
−4. The eigenparameter Σc is the central value of the scalar curvature from
Eq. (23).
σ Σc ω¯
2
θpc
0.1 -0.494418253625 0.0185 0.00020166833
0.17 -0.3646950715 ≈ 0 0.00034320286
0.25 -0.26573801601 -0.0118 0.000644452
0.3 -0.2202699654 -0.0175 0.000993096
Examples of solutions for the perturbations θp,Σp, and λp are shown in Fig. 2. The procedure for determining the
eigenvalues of ω¯2 is as follows:
(1) In the case of GR (when α¯ = 0), there are only two equations (25) and (27) for the functions θp and λp.
Considering that these equations are linear, the rescaling of the central θpc → βθpc results in the corresponding
rescaling of the metric perturbation λp → βλp, but the qualitative behavior of the solutions remains unchanged.
That is, it is possible to take any central θpc ≪ 1, and the eigenfrequency ω¯2 will not change.
(2) In the case of R2 gravity (when α¯ 6= 0), all three equations (25)-(27) need to be solved. In doing so, there are
two arbitrary central values θpc and Σpc. Numerical calculations indicate that to ensure regular asymptotically
decaying solutions for the perturbations Σp and λp one has to adjust the values both of the eigenfrequency ω¯
2
and of one of these two arbitrary parameters. That is, either θpc or Σpc is an eigenparameter of the problem.
The corresponding numerical values of these parameters are given in Table I for several values of σ. It is seen
from the table and Fig. 1 that the square of the lowest eigenfrequency ω¯2 is positive to the left of the maximum
and negative to the right of it. That is, as in GR, in R2 gravity under consideration the transition from stable
to unstable systems occurs strictly at the maximum of the mass.
Summarizing the results obtained, within R2 gravity, we have examined the question of stability of compact con-
figurations supported by a polytropic fluid against linear radial perturbations. In contrast to the studies performed
8earlier in the literature, here the calculations have been carried out in the Jordan frame to avoid the potential diffi-
culties related to the conformal transformation to the Einstein frame (see Introduction). In doing so, we regard the
scalar curvature as a dynamical variable for which the behavior of the corresponding perturbation modes is studied
as well. As a result, it is shown that, as in GR, within the framework of R2 gravity the transition from stable to
unstable configurations takes place at the point of the maximum of the curve mass-central density of the fluid. One
may expect that similar results will also be obtained for another, more realistic EoSs of matter, including those that
are used in constructing models of neutron stars (see, e.g., Refs. [17, 18, 20]).
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